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Description 



SYSTEM AND METHOD FOR OPTIMIZING 
METROLOGY SAMPLING IN APC 
APPLICATIONS 

Background of Invention 
[0001] 1. Technical Field 

[0002] The present invention relates generally to Advanced Pro- 
cess Control (APC) applications, and more specifically re- 
lates to a system and method for optimizing metrology 
sampling in an APC application. 

[0003] 2. Related Art 

[0004] As the ground rule requirements of semiconductor prod- 
ucts tighten, the use of Advanced Process Control (APC) 
applications has increased in an effort to meet the im- 
proved process control needed to achieve these new 
ground rules. Many APC applications (e.g., critical dimen- 
sion, overlay, etc.) utilize post process metrology data 
with actual process conditions to provide feedback for 



new optimized process conditions (e.g., dose, overlay cor- 
rections, etc.). 

[0005] In many cases tlie feedback systems utilize rules that scan 
historical metrology data looking for the best available 
data to use for parameter optimization. Typically, these 
"rules based"systems will scan the historical data multiple 
times, modifying the inclusion criteria for each pass, until 
an acceptable data set is met. For instance, the first rule 
may look for data resulting from lots processed with a 
particular reticle, while a second rule may look for data 
resulting from lots of a certain technology, etc. 

[0006] The data set obtained from the first pass generally results 
in the highest confidence feedback calculations. Calcula- 
tions based on data sets obtained from additional 
searches typically result in decreasing confidence, since 
the lower confidence data sets typically are forced to in- 
clude data from a broader array of products or tools in or- 
der to obtain an adequate data set. 

[0007] Post process metrology data is collected on a sample of 
the products run through the process step utilizing the 
APC system. The size of the sample is based on the pro- 
cess capability (Cpk) of the product or selected types of 
products run through the process step. In current APC ap- 



plications, a single Cpk value is calculated for a process 
that in practice runs product from high and low confi- 
dence calculations. For instance, a first lot of wafers may 
be processed according to a first APC process rule, while a 
second lot of wafers may be processed at a different time 
according to a second APC process rule. Both lots, how- 
ever, will be sampled for a metrology step according to a 
single Cpk value. 
[0008] In general, the higher the Cpk value, the smaller the sam- 
pling requirement. Given the costs involved with collecting 
metrology data, significant savings can be incurred with 
increased metrology skipping. Accordingly, a need exists 
for optimizing the metrology sampling process in APC ap- 
plications. 
Summary of Invention 

[0009] The present invention addresses the above-mentioned 
problems, as well as others, by providing a system and 
method for optimizing metrology sampling for a "product 
lot" by examining the APC process rule used for process- 
ing the product lot. In a first aspect, the invention pro- 
vides a method of processing a run of workpieces, the 
method comprising the steps of: providing a database 
comprising subgroups of data representing characteristics 



from previously processed workpieces; selecting a first 
subgroup of data having characteristics that satisfy a pre- 
determined criteria; determining processing conditions for 
a processing tool corresponding to the first subgroup of 
data; processing the run of workpieces with the process 
tool using the determined processing conditions; and 
measuring the run of workpieces according to a sampling 
rate determined from the first subgroup of data. 

[0010] In a second aspect, the invention provides an advanced 
process control (APC) system, comprising: a data analysis 
system that determines a set of conditions for a manufac- 
turing process based on a subgroup of data identified 
from a historical database, wherein the subgroup of data 
is identified according to a selected rule; a tagging system 
that associates a tag containing the selected rule to each 
product lot subjected to the manufacturing process; and a 
sampling optimization system that examines the tag for 
each product lot processed, and determines a metrology 
sampling rate based on the selected rule. 

[0011] In a third aspect, the invention provides a method for op- 
timizing metrology sampling rates in an advanced process 
control (APC) application, comprising: calculating capabil- 
ity ratios (Cpk"s) for a product processed by each of a 



plurality of rules within a single APC process, wherein 
each Cpk calculation is based on an associated rule; cal- 
culating sampling rates for each calculated Cpk; process- 
ing a run of the product using a selected rule; tagging the 
run of the product after processing with the selected rule; 
and determining a metrology sampling rate for the run 
based on the selected rule. 
[0012] In a fourth aspect, the invention provides a program 

product stored on a recordable medium for optimizing an 
advanced process control (APC) system, comprising: 
means for determining a set of conditions for a manufac- 
turing process based on a subgroup of data identified 
from a historical database, wherein the subgroup of data 
is identified according to a selected rule; means for asso- 
ciating the determined set of conditions to a product lot 
subjected to the manufacturing process; and means for 
examining the associated determined set of conditions for 
the product lot to determine a metrology sampling rate. 
Brief Description of Drawings 

[0013] These and other features of this invention will be more 

readily understood from the following detailed description 
of the various aspects of the invention taken in conjunc- 
tion with the accompanying drawings in which: 



[0014] Figure 1 depicts an advanced process control (APC) sys- 
tem in accordance with tlie present invention. 

[0015] Figure 2 depicts a flow chart of a method of determining 
sampling rates for measuring processed workpieces in ac- 
cordance with the present invention. 
Detailed Description 

[0016] Referring now to the drawings, Figure 1 depicts an APC 
system 10 that includes features for selecting an opti- 
mized metrology sampling rate. APC system 10 includes a 
process 14 that processes a "product lot"12 into a "pro- 
cessed lot" 22. For the purposes of this description, the 
terms "product lot, ""product run, ""run of workpieces, "etc., 
are used interchangeably to describe a set of workpieces 
subjected to a manufacturing process. Process 14 may in- 
clude any manufacturing process that operates on one or 
more workpieces contained in product lot 12. Common 
processing examples include, but are not limited to, 
semiconductor processing stepper operations, such as 
those used in lithography. Process 14 is implemented us- 
ing "set points" 16 that were determined based on a se- 
lected rule 11 determined by data analysis system 18. Set 
points 16 may be defined as any operational settings or 
conditions utilized by process 14. For example, set points 



16 may include dosage settings in a semiconductor pro- 
cessing step. Set points 16 are determined based on feed- 
bacl< data 20 tliat was obtained from previous processing 
operations in any manner known in the art. 
[0017] Data analysis system 18 includes a plurality of rules 19 
(e.g., rule 1, rule 2, ...rule n) that can be applied to feed- 
back data 20 to "filter" the data. Each of the rules 19 pro- 
vides search criteria for examining historical feedback 
data 20. Typically, the rules are ordered from best to 
worst such that first rule provides the highest level of 
confidence; the second rule provides the second highest 
level of confidence, etc. For instance, rule 1 may search 
for previous processing results in which the same mask 
was used as in the current process 14, rule 2 may search 
for previous processing results in which the same level 
and technology was used, and rule n may search for any 
previous processing results that operated on the same 
level. Data analysis system 18 selects the best rule that 
returns an adequate number of results (or samples). Based 
on the selected rule 11, set points 16 are determined for 
process 14. 

[0018] After product lot 12 is processed with the determined set 
points 16, the processed lot is "tagged"by tagging system 



15 with a tag 17 that dictates which rule 11 was used to 
process the lot. As is typical in most APC applications, a 
measuring or metrology step 30 is implemented on a 
sampling of the processed lot 22 for, among other rea- 
sons, quality control. As noted above, smaller sample 
rates are desired to reduce costs, and sample rates are in- 
versely proportional to the confidence level of the rule 
used, i.e., the higher the confidence level, the smaller the 
sample. After samplings of the processed lot 22 are sub- 
jected to the metrology step 30, the results are fed back 
and stored as feedback data 20 for later use. 
[0019] In order to achieve smaller samples, sampling optimiza- 
tion system 24 includes a Cpk calculation system 26 that 
predetermines a Cpk value, i.e., process capability ratio, 
for each processed lot 22 based on information contained 
in tag 17. In an exemplary embodiment, the Cpk value is 
determined based on the selected rule 11, which is stored 
in tag 17. However, it should be understood that tag 17 
could include any information that reflects the subgroup 
of data identified from feedback data to provide set points 
16. Moreover, tag 17 could simply include a Cpk value or 
sampling rate determined based on the subgroup of data, 
e.g., a process tool, a process, a technology, a part num- 



ber, level, mask, operation, etc. Furthermore, it should be 
understood that tag 17 could be implemented in any 
manner, e.g., with a physical label, using a tracking sys- 
tem, using a database of identifiers associated with each 
processed lot, etc. 
[0020] cpk values can be calculated in any manner so long as 

they are based on the identified subgroup of data (i.e., the 
selected rule or processing conditions). Formulas for cal- 
culating Cpk are well known in the art, and are therefore 
not described here in detail. Cpk values can be predeter- 
mined and stored in a look-up table, or calculated dy- 
namically. Based on the determined Cpk value, a sampling 
rate for the processed lot 22 is determined by sample se- 
lector 28. For instance, as shown, if rule 1 was used to 
determine set points 16 for process 14, a rule 1 Cpk value 
would be used, which would dictate a sampling rate of 
1/p; if rule 2 was used, a rule 2 Cpk value would be used, 
which would dictate a sampling rate of 1/q, etc. Thus, in 
the case where multiple lots of similar products are pro- 
cessed at different times, each processed lot 22 can be 
sampled at a rate commensurate with the rule used for 
processing. Therefore, in accordance with this invention, 
multiple lots may have different sample rates based upon 



the APC rule. 

[0021] In addition, APC system 10 may include a rule ordering 

system 32. As noted above, data analysis system includes 
a set of rules 19 that are ordered from best to worst. Of- 
ten, however, the ordering is not always accurate, e.g., 
rule 5 may provide a better performance than rule 4, etc. 
To address this, rule ordering system 19 provides an au- 
tomated mechanism for ordering the rules from best to 
worst. In one embodiment, rule ordering system analyzes 
historic Cpk values of lots processed from each rule to or- 
der rule selections from highest to lowest capability. For 
instance, if the historic Cpk values for rule 5 were higher 
than the historic Cpk values of rule 4, rule ordering sys- 
tem 19 would switch the order. In a second embodiment, 
process capabilities for each rule could be evaluated in 
real-time rule using metrology data and modeled data to 
reorder the rules. 

[0022] Figure 2 depicts a flow diagram of a generalized method 
of implementing the present invention. In the first step SI, 
the best available subgroup of data is identified from a 
historical database that satisfies predetermined criteria for 
a current processing operation. In the example provided 
above, this process is achieved with a rules based system 



that identifies tlie liighest confidence rule for wliicli tliere 
is an adequate sampling of historical data. However, it 
should be understood that any methodology for identify- 
ing an appropriate subgroup of data from a historical 
database could be used. At the next step S2, processing 
conditions for a process tool are determined based on the 
identified subgroup of data. As noted above, processing 
conditions may include set points, tool set up, technology, 
parts, etc. At step S3, a run of workpieces is processed on 
the process tool using the determined processing condi- 
tions. Finally, at step S4, the run of workpieces are mea- 
sured according to a sampling rate determined from the 
identified subgroup of data. Namely, parameters from the 
subgroup of data, e.g., conditions and set points, can be 
used to calculate a sampling rate. 
[0023] It is understood that the systems, functions, mechanisms, 
methods, engines and modules described herein can be 
implemented in hardware, software, or a combination of 
hardware and software. They may be implemented by any 
type of computer system or other apparatus adapted for 
carrying out the methods described herein. A typical com- 
bination of hardware and software could be a general- 
purpose computer system with a computer program that. 



when loaded and executed, controls the computer system 
such that it carries out the methods described herein. Al- 
ternatively, a specific use computer, containing special- 
ized hardware for carrying out one or more of the func- 
tional tasks of the invention could be utilized. The present 
invention can also be embedded in a computer program 
product, which comprises all the features enabling the 
implementation of the methods and functions described 
herein, and which - when loaded in a computer system - 
is able to carry out these methods and functions. Com- 
puter program, software program, program, program 
product, or software, in the present context mean any ex- 
pression, in any language, code or notation, of a set of in- 
structions intended to cause a system having an informa- 
tion processing capability to perform a particular function 
either directly or after either or both of the following: (a) 
conversion to another language, code or notation; and/or 
(b) reproduction in a different material form. 
[0024] jhe foregoing description of the invention has been pre- 
sented for purposes of illustration and description. It is 
not intended to be exhaustive or to limit the invention to 
the precise form disclosed, and obviously, many modifica- 
tions and variations are possible. Such modifications and 



variations that may be apparent to a person sl<illed in tlie 
art are intended to be included witliin tlie scope of this in- 
vention as defined by the accompanying claims. 



